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ABSTRACT
Evidence is increasing of positive effects of feeding 
fats during transition on fertility and the adaptation 
to lactation. This study used meta-analytic methods to 
explore the effects of including fats in the transition diet 
on the risk of pregnancy to service (proportion preg-
nant) and calving to pregnancy interval. Meta-analysis 
was used to integrate smaller studies and increase the 
statistical power over that of any single study and ex-
plore new hypotheses. We explored the effect of fats 
and diet composition on fertility using meta-regression 
methods. Relatively few highly controlled studies are 
available providing detailed descriptions of the diets 
used that examined interactions between fat nutrition 
and reproductive outcomes. Only 17 studies containing 
26 comparisons were suitable for inclusion in statistical 
evaluations. Reproductive variables evaluated were risk 
of pregnancy (proportion pregnant), primarily to first 
service, and calving to pregnancy interval. Production 
variables examined were milk yield, milk composition, 
and body weight. The sources of heterogeneity in these 
studies were also explored. A 27% overall increase in 
pregnancy to service was observed (relative risk = 1.27; 
95% confidence interval Knapp Hartung 1.09 to 1.45), 
and results were relatively consistent (I2 = 19.9%). A 
strong indication of a reduction in calving to pregnancy 
interval was also identified, which was consistent across 
studies (I2 = 0.0%), supporting a conclusion that, over-
all, the inclusion of fats does improve fertility. Further 
exploration of the factors contributing to proportion 
pregnant using bivariate meta-regression identified 
variables that reflected changes in diet composition 
or animal response resulting from inclusion of the fat 
interventions in the experimental diets fed. Increased 
fermentable neutral detergent fiber and soluble fiber 
intakes increased the proportion pregnant, whereas 
increased milk yield of the treatment group decreased 
this measure. Unexpectedly, the estimated energy costs 
of urea production also had a positive association with 
proportion pregnant. The limited number of suitable 
studies for the analysis highlights the need for more 
work to improve understanding of the critical nutritional 
factors affecting fertility. These factors include specific 
fatty acids in dietary interventions that contribute to 
increasing fertility of cows in dairy production systems.
Key words:  dietary fat, fertility, conjugated linoleic 
acid
INTRODUCTION
Managing fertility of lactating dairy cattle is a chal-
lenge for dairy producers because poor fertility reduces 
productivity and profit. Declines in fertility have been 
noted and reflect associations with intensification of 
production and higher levels of milk production (But-
ler, 2000; Lucy, 2001; Lean et al., 2008; Thatcher et al., 
2011). Studies are needed to identify which environ-
mental factors, especially nutritional ones, may have a 
role in influencing the fertility of cattle.
The transition period, from approximately 3 wk be-
fore to 3 wk after calving, is characterized by changes 
in metabolism as dairy cattle respond to the metabolic 
challenges of late pregnancy and early lactation (Bell, 
1995). Good management during the transition period, 
in particular nutritional strategies, can reduce the ef-
fects of this metabolic stress and improve production 
and reproduction (De Veth et al., 2009). DeGaris et al. 
(2010a,b) found that the risk of pregnancy increased by 
approximately 30% in cattle exposed to transition diets 
for 20 d compared with cattle not exposed.
Recent understandings of the role of fats in metabo-
lism open new opportunities for improving production, 
health, and reproduction in cattle. Inclusion of fats in 
the diet during this transition period has improved re-
productive performance (Thatcher et al., 2006; De Veth 
et al., 2009), improved energy balance (von Soosten et 
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al., 2012), reduced the incidence of metabolic diseases, 
and allowed energy density to be maintained in diets 
without increasing the use of rapidly fermentable car-
bohydrates.
The strength of meta-analytic methods is the ability 
to integrate smaller studies using effect-size metrics, 
enhance the statistical power over that of any single 
study, and provide the potential to explore new hy-
potheses (Lean et al., 2009). Further, the challenge in 
studies of nutrition and reproduction is that when a 
nutritional intervention is applied, something else in 
the diet necessarily changes (Lean et al., 2012). There-
fore, the potential for confounding influences need to 
be considered in interpreting studies of nutrition and 
reproduction. Meta-regression methods allow this type 
of investigation. This study was designed to use meta-
analytic and meta-regression methods to explore the 
effects of including fats in the diet during the transition 
period on measures of pregnancy, calving to pregnancy 
interval, and milk yield and components, and the fac-
tors that may explain sources of variation in these 
responses.
MATERIALS AND METHODS
Literature Search
A systematic review, across 3 databases (PubMed, 
Web of Science CABI, and Google Scholar) and refer-
ences in papers, was used to identify studies explor-
ing fat nutrition during transition and fertility that 
were published in English between 1970 and 2014 in a 
peer-reviewed journal, conference proceedings, or as an 
accepted thesis. Combinations of the following search 
terms were used: cow, cattle, dairy, fertility, pregnancy, 
reproduction, pregnancy, fat, CLA, conjugated linoleic 
acid, cottonseed, linoleic acid, linolenic acid, omega-6, 
omega-3, and energy.
Inclusion and Exclusion Criteria
Papers were deemed suitable for inclusion in the 
study if they were randomized controlled experiments 
using Bos taurus dairy cows in their first or later lacta-
tion during the dry/lactating period (i.e., primiparous 
nonlactating heifers were excluded). Studies evaluated 
the effect of feeding during the transition period, in-
cluding the period 3 wk before and after calving, and 
included sufficient dietary details for the diet to be 
evaluated using CPM-Dairy (version 3.08; Cornell- 
Penn-Miner, http://cahpwww.vet.upenn.edu/doku.php 
/software:cpm:purchase) for cows that were fed as indi-
viduals or in appropriately replicated pens. Papers that 
had valid interventions, but did not provide adequate 
dietary detail, or animals were group fed and not rep-
licated, were identified, but diets were not extracted. 
Measures of fertility were reported as (1) first service 
conception or pregnancy to a defined number of ser-
vices (proportion pregnant); (2) calving to pregnancy 
interval; or both (1) and (2); and a measure of disper-
sion suitable to provide a standard deviation. Studies 
were also assessed for quality of study design including 
details of randomization, appropriate analysis, and 
elimination of bias or confounding. The number of cows 
in each treatment and control group and measures of 
variance or P-values for continuous variables that al-
lowed an estimate of standard deviation to be derived 
must have been reported.
Data and Diet Extraction
Data extracted included authors, year, journal and 
type of publication, title of paper, feeding system, num-
ber of cows in treatment and control groups, parity, BW, 
and BCS for each group. Reproductive variables that 
were recorded were defined as proportion of cows preg-
nant to service [reported in the papers as first service 
pregnancy percentage or conception rate, pregnancy 
percentage (rate) to first 2 services, or pregnancy] and 
calving to pregnancy intervals (also reported as calving 
to conception interval or days open) for each treatment. 
Milk production (kg/cow per d), milk fat percentage 
and yield (kg/cow per d), and milk protein percentage 
and yield (kg/cow per d) were also recorded. Data were 
extracted and entered into a spreadsheet (Excel, Mi-
crosoft Corp., Redmond, WA). A summary of studies 
included is provided in Table 1.
To extract and model dietary information, data 
from accepted papers were entered into CPM-Dairy 
(version 3.08; Cornell-Penn-Miner, http://cahpwww.
vet.upenn.edu/doku.php/software:cpm:purchase) fol-
lowing the standard operating procedure described in 
Rabiee et al. (2012). Ration ingredients and intake in 
the papers were entered into CPM-Dairy using ingre-
dients selected from the feed bank (http://cahpwww.
vet.upenn.edu/doku.php/software:cpm:fbk_use) and 
edited to the specifications described in the paper. This 
was combined with information on cows, housing, and 
environment from the paper to predict diet composi-
tion. If uncertainty was present with regard to the unit 
of interest or measures of dispersion reported in papers, 
authors were contacted to provide clarification of these 
measures.
Statistical Analysis
All statistical analyses were conducted using Stata 
(Intercooled Stata v.13, Statacorp, College Station, 
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TX). The influence of fat nutrition during transition on 
production and reproductive performance was analyzed 
using meta-analysis. Trials were grouped by type of fat 
intervention [oilseeds, calcium salts of FA (CSFA), tal-
low, CLA, or other], and meta-analyses were conducted 
for each group and overall. Meta-analyses were con-
ducted to examine the effects of fat intervention on risk 
of pregnancy to service (proportion pregnant to ser-
vice), primarily reported to first service; days from 
calving to pregnancy; and milk yield and composition 
(milk protein yield, milk protein percentage, milk fat 
yield, and milk fat percentage). Further meta-analyses, 
of reproductive variables only, were conducted that also 
included data from the papers identified as having valid 
intervention but lacking adequate detail. Dichotomous 
data were analyzed by using relative risk (RR) and 
continuous data by standardized mean difference 
(SMD), which is also called effect size analysis. The 
RR estimates were pooled using methods for random 
effects models to evaluate the effect of trial, with the 
Hartung-Knapp-Sidik-Jonkman (Knapp-Hartung) 
method (IntHout et al., 2014). The use of this method 
for meta-analysis is more robust than alternative meth-
ods such as the DerSimonian and Laird method for 
discrete data, especially where heterogeneity is present 
(IntHout et al., 2014). As described by IntHout et al. 
(2014), the DerSimonian and Laird method uses the 
normal distribution to derive P-values and confidence 
intervals, whereas the Knapp-Hartung method uses the 
t-distribution with k − 1 degrees of freedom, where k is 
the number of studies in the meta-analysis. IntHout et 
al. (2014) describes the estimated variance of yˆτ using 
the DerSimonian and Laird method as
 var ,DL = ∑
1
wi
τ
 
whereas the Knapp-Hartung method estimated the 
variance as
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where k is the number of studies, yi is the effect size es-
timate from the ith study, wi is the fixed effect weight, 
and τ2 is the heterogeneity of the effect size between 
studies. If the paper reported separate estimates of 
measures of variance (SE or SD) for each group, these 
were recorded as such. Many studies reported a com-
mon SE or SD, and these estimates were used for both 
control and treatment groups. Where SE was reported, 
a SD was derived before analysis. Some studies reported 
exact P-values, which were used to estimate SD.
Random effects models (DerSimonian and Laird, 
1986) were used to evaluate production outcomes (milk 
yield, milk protein yield, milk protein percentage, milk 
fat yield, and milk fat percentage) and BW, estimat-
ing the SMD, 95% confidence intervals, and statistical 
significance of SMD. Where only one comparison was 
available in a group, that group was not reported in-
dividually and was only included in the overall pooled 
result. The approximate predictive interval (Harris et 
al., 2008) for the treatment effect was also explored, 
but because this was very large in some cases, reflecting 
small numbers of studies in some groups, it was not 
included in forest plots. We recognize the presence of 
a clustering effect that results from multiple compari-
sons to a single control group within a study. We have 
determined that the variance inflation effect resulting 
from high intra-class correlations from clustering will 
be minor unless very large numbers of repeated com-
parisons are present. The statistical methods for the 
meta-analytic procedures that were used in this paper 
have been based on those published by one of the au-
thors of this study (Lean et al., 2009).
Forest Plots
The effects of treatments on proportion pregnant to 
service, calving to pregnancy interval, and milk yield 
are displayed in the forest plots, using the estimated 
RR or SMD. The weighting of a study is estimated by 
the inverse of the variance of the effect size. Boxes draw 
attention to the studies with the greatest weight.
Assessment of Heterogeneity
Variations among the trial level RR or SMD were as-
sessed using a χ2 (Q) test of heterogeneity. Heterogene-
ity in studies reflects underlying differences in clinical 
diversity of the herds and treatments used, differences 
in study design and analytical methods, and statistical 
variation around responses. Identifying the presence 
and sources of the heterogeneity improves understand-
ing of the responses to treatments. We used an α level 
of 0.10 because of the relatively poor power of the χ2 
test to detect heterogeneity among small numbers of 
trials. Heterogeneity of results among the trials was 
quantified using the I2 statistic (Higgins and Thomp-
son, 2002), who developed this measure of the effect of 
heterogeneity on a meta-analysis, from mathematical 
criteria, that are independent of the number of studies 
and the treatment effect metric. The I2 statistic is a 
transformation of the square root of the χ2 heteroge-
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neity statistic divided by its degrees of freedom and 
describes the proportion of total variation in study esti-
mates that is due to heterogeneity. Negative values of I2 
were assigned a value of zero, consequently the value I2 
lies between 0 and 100%. An I2 value greater than 50% 
indicates moderate heterogeneity (Higgins et al., 2003).
Publication Bias
We investigated the presence of publication bias using 
funnel plots, which are a scatter plot of the intervention 
effect estimates from individual studies plotted against 
study precision. The name funnel plot arises because 
precision of the estimated intervention effect increases 
as the size and precision of a study increases. Effect 
estimates from small studies will scatter more widely 
at the bottom of the graph and the spread narrows for 
larger studies. In the absence of bias, the plot should ap-
proximately resemble a symmetrical (inverted) funnel. 
If bias is present, for example because smaller studies 
without statistically significant effects remain unpub-
lished, this will lead to an asymmetrical appearance of 
the funnel plot and a gap will be evident in a bottom 
corner of the graph (Duval and Tweedie, 2000). In this 
situation, the effect calculated in a meta-analysis will 
tend to overestimate the intervention effect.
Mean Differences
A weighted mean by group was calculated for dietary 
variables to identify differences between treatment and 
control groups that may possibly cause confounding. 
Using the values calculated by modeling in CPM-Dairy, 
the difference between treatment and control in each 
comparison was averaged across each fat type. A posi-
tive value indicates that the treatment group provides 
a greater value than the control group. Other fats were 
not explored because all comparisons in this group were 
from the same study. Lean et al. (2012) noted that in 
nutritional trials with an addition to the diet, inevita-
bly a part of the diet is replaced. This may unintention-
ally add or reduce other nutritive components other 
than the variable of interest (e.g., a change in protein 
content) that could affect the outcome being measured. 
By examining these differences, potential sources of 
confounding can be identified.
Meta-Regression
Meta-regression analyses were used to explore 
sources of heterogeneity of response arising from diet 
for reproductive outcomes, using the individual RR for 
each trial as the outcome and the associated standard Ta
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error as the measure of variance. The differences be-
tween treatment and control groups for each variable 
were calculated and a random effects meta-regression 
analysis (Higgins and Thompson, 2002) was used to 
screen individual variables using a P-value of ≤0.20. 
A bivariate model, including the effect of fat group, 
was conducted to assess dietary factors that influenced 
the proportion pregnant. All variables with P-value 
of ≤0.20 in the bivariate meta-regression were further 
tested in a mixed model, including fat group, using 
a forward stepping meta-regression with explanatory 
variables with the lowest P-value entering the model 
first. Minerals were explored separately to other fac-
tors. Model fit during development of the final model 
was evaluated using I2, τ2, and R2, where I2 describes 
the percentage of total variation across studies that is 
due to heterogeneity (Higgins et al., 2003), τ2 is the 
variance of the standard deviation of the distribution 
of true effects across studies (Borenstein et al., 2011), 
and R2 is the ratio of explained variance to total vari-
ance, or the proportion of variance explained by that 
covariate (Borenstein et al., 2011). The assessment of 
model fit using I2, τ2, and R2 was conducted according 
to methods described by Harbord and Higgins (2008). 
Due to the low number of trials identified for calving 
to pregnancy interval, a multivariate analysis was not 
conducted.
RESULTS
Literature Review and Assessment
The detailed systematic review identified more 
than 5,000 papers. All papers were critically reviewed 
against the selection criteria. Some studies contained a 
single comparison, whereas others reported 2 or more 
comparisons, which were assessed separately. Where a 
reason for exclusion could be clearly identified in the 
title of a paper, the study was excluded during the 
screening phase. Such exclusions included papers not 
in English, studies that used Bos indicus or crossbred 
cows or primiparous nonlactating heifers, studies un-
related to cattle or fats, and reviews. Of the papers 
that remained for eligibility (n = 67), the main reasons 
studies were excluded from the meta-analysis were that 
they were not randomized controlled trials (i.e., were 
reviews, case studies, Latin-square, or crossover designs; 
6 papers); included changes in nutritional intervention 
during the feeding period that could not be adequately 
quantified (30 papers); or reproductive variables mea-
sured were not those specified for inclusion (e.g., ovula-
tion or reproductive hormone concentrations) or unit of 
interest was the oocyte or conceptus (14 papers).
Many of the studies excluded after assessment for 
eligibility examined valid interventions but contained 
a lack of detail about the diet or feed intake was not 
accurately measured (e.g., pasture, ad libitum, or group 
feeding), making the diets unsuitable for extraction. 
These interventions are still valid, although not able to 
be included in the analysis, and are detailed in Table 2.
After assessment, 17 studies containing 26 com-
parisons were found suitable for inclusion in the meta-
analysis. A range of different fat sources were identified 
for this analysis and papers were classified by fat type: 
oilseeds (n = 6), CSFA (n = 9), tallow (n = 4), CLA (n 
= 4), and other (n = 3). The other group was composed 
solely of comparisons of prilled FA obtained from a 
single paper. Consequently, the ability to draw conclu-
sions from this group is limited. However, these data 
have been included in the overall pooled estimates. A 
summary of these comparisons is available in Table 1.
Mean Differences
Mean differences between the nutritional composition 
of control and treatment diets are displayed by fat type 
in Table 3. Variation is present between treatments, 
but many of the differences are small. The difference 
in ME intake between treatment and control groups 
varies from −4.06 MJ/d for the tallow treatment versus 
control to 0.3 MJ/d for CLA versus control. The CLA 
studies were the only group with a lower average ME 
balance in the treatment group. The greatest differences 
in MP balance between treatment and control groups 
were the diets including tallow (−146.87 g), which were 
lower than those of oilseed-based treatments (−18.41 
g).
The difference in palmitic acid (C16:0) intake between 
control and treatment varied between fat types. The 
control diets for CLA based interventions provided, on 
average, a palmitic acid intake 11.47 g lower than treat-
ment diets, and the CSFA treatment diets provided an 
average of 218.34 g more palmitic acid than controls. 
This intake difference was reflected in daily duodenal 
flux (−10.11 vs. 212.49 g for CLA and CSFA, respec-
tively). Similar patterns were observed in the intake 
of oleic acid (C18:1cis) where the difference between 
control and treatment was very different for the CLA 
group (4.09 g more), whereas the tallow or CSFA treat-
ments provided an intake of 189.25 and 132.54 g less, 
respectively. The differences between the control and 
treated cows for duodenal availability of C18:1cis were 
estimated to be −6.43, 42.21, and 95.94 g for CLA, 
tallow, and CSFA, respectively. Differences in linoleic 
acid (C18:2) and linolenic acid (C18:3) intake were also 
noted between fat types (Table 3).
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Figure 1. A forest plot of the studies that examined the relative risk of pregnancy to service (95% CI) for dietary fat interventions. Studies 
were grouped by fat type, with a pooled estimate calculated for each group. An overall pooled estimate was made of the SMD, in this case 
relative risk (RR), using a random effects model using the DerSimonian and Laird (D+L) method (DerSimonian and Laird, 1986) and Knapp 
Hartung prediction (IntHout et al., 2014). The weights that each study contributed are in the right-hand column and are indicated by the size 
of the box. The larger the box, the greater the study contribution to the overall estimate. The solid vertical gray line represents a mean differ-
ence of zero or no effect. Points to the left of the line represent a reduction in risk of pregnancy to service, whereas points to the right of the 
line indicate an increase. The upper and lower limit of the line connected to the square represents the upper and lower 95% confidence interval 
for the effect size. Where the interval crosses 1, shown by whiskers crossing the solid vertical line, the change is insignificant. The overall pooled 
effects size and 95% confidence interval is indicated by the diamond at the bottom. This effect was moderately homogeneous as indicated by the 
I2 of 25.7%. D+L = DerSimonian and Laird.
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Reproduction Outcomes
The pooled estimates show that increasing dietary 
fat during the transition period increased the risk of 
pregnancy (proportion pregnant to service) by 27% 
when predicted using the method described by Knapp 
Hartung (95% CI 1.09 to 1.45; Knapp and Hartung, 
2003; Figure 1, Table 4). All groups tended to show a 
positive effect, but individually none (excluding other 
fats) showed an individually significant benefit. Only 2 
comparisons showed individual significance in increased 
risk of pregnancy to service (Son et al., 1996, 2000). 
The RR for Boken et al. (2005) was individually nega-
tive (RR = 0.29); however, as indicated by the small 
Table 4. Effects of feeding fats on reproduction, milk yield and composition, and BW: meta-analysis outputs 
using DeSimonian and Laird random effects model unless specified1
Item RR or SMD (95% CI) I2 P-value
Proportion pregnant to service2   
 Overall 1.20 (1.04 to 1.38) 19.9 0.19
1.27 (1.09 to1.45) 
(Knapp-Hartung)
 Oilseed 1.14 (0.91 to 1.43) 0.0 0.51
 CSFA 1.05 (0.78 to 1.42) 31.8 0.16
 Tallow 1.09 (0.53 to 2.24) 63.3 0.07
 CLA 1.29 (0.89 to 1.88) 0.0 0.84
Calving to pregnancy interval   
 Overall −0.16 (−0.33 to 0.00) 0.0 0.82
 Oilseed — — —
 CSFA −0.04 (−0.28 to 0.36) 0.0 0.46
 Tallow — — —
 CLA −0.32 (−0.65 to 0.01) 0.0 0.88
Milk yield    
 Overall 0.33(−0.1 to 0.67) 88.3 0.01
 Oilseed −0.10 (−0.97 to 0.77) 92.7 0.01
 CSFA 0.73 (0.00 to 1.47) 92.1 0.01
 Tallow 0.21 (−0.18 to 0.60) 0.00 0.90
 CLA 0.52 (−0.35 to 1.39) 86.5 0.01
Protein %    
 Overall −0.14 (−0.38 to 010) 74.3 0.01
 Oilseed 0.27 (−0.05 to 0.59) 41.6 0.16
 CSFA −0.26(−0.61 to 0.09) 58.9 0.02
 Tallow −0.25 (−0.65 to 0.14) 0.00 0.65
 CLA −0.45 (−0.87 to −0.03) 46.2 0.13
Protein yield    
 Overall 0.34 (−0.07 to 0.75) 84.1 0.01
 Oilseed 0.18 (−0.08 to 0.44) 0.0 0.79
 CSFA 0.78 (−0.25 to 1.82) 92.5 0.01
 Tallow — — —
 CLA −0.11 (−0.41 to 0.19) 0.0 0.87
Fat yield    
 Overall 0.04 (−0.39 to 0.47) 87.4 0.01
 Oilseed 0.29 (0.03 to 0.55) 0.0 0.57
 CSFA 0.64 (0.05 to 1.23) 85.1 0.01
 Tallow — — —
 CLA −1.00 (−1.55 to −0.44) 65.1 0.04
Fat %    
 Overall −0.03 (−0.32 to 0.26) 84.3 0.01
 Oilseed 0.47 (−0.01 to 0.95) 76.9 0.01
 CSFA 0.19 (−0.08 to 0.46) 47.0 0.07
 Tallow 0.02 (−0.68 to 0.72) 67.3 0.05
 CLA −1.39 (−2.04 to −0.74) 71.6 0.01
BW    
 Overall −0.15 (−0.69 to 0.40) 90.1 0.01
 Oilseed −0.18 (−0.71 to 0.35) 81.2 0.01
 CSFA 0.10 (−0.43 to 0.62) 64.7 0.06
 Tallow 1.25 (−0.70 to 3.19) 92.0 0.01
 CLA — — —
1I2 describes the percentage of total variation across studies that is due to heterogeneity (Higgins et al., 2003). 
CSFA = calcium salts of FA.
2Relative risk (RR) is reported, whereas standardized mean difference (SMD) is reported for categories not 
signified with an asterisk. These are standardized units and do not correspond to normal metrics.
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gray square in Figure 1, the weighting was small, re-
flecting the low number of cows in the trial (control n 
= 9, treatment n = 6). Overall, the level of consistency 
among trials was moderately high (I2 = 19.9%) and 
the funnel plot was symmetrical (Figure 2), suggesting 
little publication bias. Investigation of the papers not 
suitable for meta-regression showed no notable change 
in effect size or direction of reproductive measures when 
included with other measures. These were not reported 
in the final meta-analysis, as their value to contribute 
was negated by considerable variability or confounding 
of the experimental design; a switching from one fat to 
another; feeding unsuitable fats (e.g., singular fats or 
fish oil); or unsuitable outcome variables.
The results of the bivariate meta-regression used to 
explore sources of heterogeneity of response arising 
from diet with the inclusion of fat groups are provided 
in Table 5. The proportion of cows pregnant increased 
with increasing intake of fermentable NDF and soluble 
fiber (kg/d) when assessed using a bivariate model ac-
counting for fat group (P = 0.035 and 0.015, respec-
tively). The estimated energetic cost of urea synthesis 
(MJ/d; P = 0.022) was also positively associated with 
fertility. Increased actual milk yield (kg/d) for the treat-
ment group decreased the proportion pregnant (P = 
0.036). These relationships were all significant and had 
the same point direction in univariate models. These 
factors, and those with P < 0.2 in the bivariate model 
[MP balance (g/d), NDF (%), starch (%), lysine (% of 
requirement), C16:1 duodenal (g/d), fermentable sugar 
intake (g/d), and actual milk fat (%; Table 5)] were 
assessed for inclusion in a multivariate model. However, 
no regression that combined more than 2 covariables 
with the effect of fat group resulted in significant co-
variables, apart from the fat group.
Most studies indicated that increasing dietary fat 
during the transition period numerically decreased calv-
ing to pregnancy interval, but none were individually 
significant (Figure 3). Only 10 comparisons provided 
adequate data to be included in this meta-analysis, and 
because only one comparison was available for oilseeds, 
this reduces considerably the inference range for this 
group. Of the remaining groups, CLA had the greatest 
effect (SMD = −0.41), although this was not significant. 
Overall, a high level of consistency of response among 
trials (I2 = 0.0%) was observed, but some potential for 
publication bias is present in these data as the fun-
nel plot is not symmetrical (Figure 4). The asymmetry 
may, however, reflect the limited number of studies. 
Only oleic acid (C18:1cis) intake and availability at 
Figure 2. Contour-enhanced funnel plots for relative risk of pregnancy at first service for lactating dairy cows treated with different fats. 
Levels of significance for studies () within the gray broken lines are 0.01, 0.05, and 0.10.
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the duodenum was associated with reduced calving to 
pregnancy interval, with a P-value <0.2. Therefore, no 
dietary measures were significantly associated with the 
calving to pregnancy interval (Table 6).
Production Outcomes and Body Weight
Overall, milk yield tended to increase with feeding 
fats during the transition period (pooled SMD = 0.33, 
Table 5. Bivariate meta-regression results controlling for the effect of fat group, for the effects of differences between treatment and control 
groups in dietary inputs on risk of proportion pregnant to service using Knapp Hartung (2003) methods
Dietary variable Coefficient SE t P > |t| 95% CI
DMI (kg/cow per d) 0.10 0.139 −0.72 0.48 −0.19 to 0.39
Estimated ME balance (MJ/cow/d) 0.01 0.014 −0.02 0.99 −0.03 to 0.03
Estimated MP balance (g/cow per d) 0.01 0.001 −1.51 0.15* −0.01 to 0.01
Bacterial MP (% of MP intake) 0.12 0.102 −1.15 0.26 −0.10 to 0.33
CP (% of diet) −0.04 0.206 0.19 0.85 −0.47 to 0.39
CP eaten (kg/cow per d) 0.36 0.638 −0.57 0.58* −0.98 to 1.70
RUP (% of CP) −0.06 0.070 0.88 0.39 −0.21 to 0.09
RUP eaten (kg/cow per d) −0.39 1.172 0.33 0.74 −2.85 to 2.07
RDP (% of CP) 0.06 0.070 −0.89 0.39 −0.09 to 0.21
RDP eaten (kg/cow per d) 1.05 0.907 −1.16 0.26* −0.86 to 2.96
Soluble protein (% of CP) 0.04 0.065 −0.62 0.55 −0.10 to 0.18
Soluble protein eaten (kg/cow per d) 1.52 1.338 −1.14 0.27 −1.29 to 4.33
Urea cost (MJ/cow/d) 0.53 0.209 −2.52 0.02* 0.09 to 0.97
Predicted PUN (mg/dl) 0.01 0.072 −0.01 0.99 −0.15 to 0.15
Long-chain FA (% of diet) −0.09 0.109 0.84 0.41 −0.32 to 0.14
Ether extract (% of diet) −0.08 0.100 0.79 0.44 −0.29 to 0.13
NDF (% of diet) 0.08 0.042 −1.77 0.09* −0.01 to 0.16
NFC (% of diet) −0.05 0.051 0.99 0.34* −0.16 to 0.06
Sugar (% of diet) 0.29 0.262 −1.09 0.29 −0.27 to 0.83
Starch (% of diet) −0.07 0.042 1.57 0.13* −0.15 to 0.02
Peptides (% of requirement) 0.01 0.011 −0.53 0.60 −0.02 to 0.03
Peptides and ammonia (% of requirement) −0.01 0.015 0.33 0.74 −0.04 to 0.03
Methionine (% of requirement) 0.02 0.020 −0.90 0.38 −0.02 to 0.06
Lysine (% of requirement) 0.03 0.018 −1.67 0.11* −0.01 to 0.07
C12:0 intake (g/cow per d) 0.19 0.213 −0.89 0.39 −0.26 to 0.64
C14:0 intake (g/cow per d) 0.01 0.020 −0.16 0.87 −0.04 to 0.05
C16:0 intake (g/cow per d) 0.01 0.002 −0.41 0.69 −0.01 to 0.01
C16:1 intake (g/cow per d) 0.01 0.018 −0.23 0.82 −0.03 to 0.04
C18:0 intake (g/cow per d) −0.01 0.003 0.03 0.98* −0.01 to 0.01
C18:1trans intake (g/cow per d) 0.02 0.016 −0.94 0.36 −0.02 to 0.05
C18:1cis intake (g/cow per d) −0.01 0.002 0.64 0.53* −0.01 to 0.01
C18:2 intake (g/cow per d) −0.01 0.001 1.29 0.21 −0.01 to 0.01
C18:3 intake (g/cow per d) 0.01 0.001 −0.18 0.86 −0.01 to 0.01
Other FA intake (g/cow per d) −0.01 0.007 1.27 0.22 −0.02 to 0.01
C12:0 duodenal (g/cow per d) 0.19 0.213 −0.89 0.39 −0.26 to 0.64
C14:0 duodenal (g/cow per d) 0.01 0.020 −0.16 0.87 −0.04 to 0.05
C16:0 duodenal (g/cow per d) 0.01 0.002 −0.70 0.49 −0.01 to 0.01
C16:1 duodenal (g/cow per d) 0.36 0.257 −1.41 0.18 −0.18 to 0.90
C18:0 duodenal (g/cow per d) −0.01 0.001 0.75 0.47 −0.01 to 0.01
C18:1trans duodenal (g/cow per d) −0.01 0.002 0.21 0.84 −0.01 to 0.01
C18:1cis duodenal (g/cow per d) −0.01 0.004 0.03 0.98 −0.01 to 0.01
C18:2 duodenal (g/cow per d) −0.01 0.008 1.17 0.26* −0.03 to 0.01
C18:3 duodenal (g/cow per d) 0.01 0.013 −0.19 0.85 −0.03 to 0.03
Other FA duodenal (g/cow per d) −0.01 0.011 0.80 0.43 −0.03 to 0.01
Total intake of fermented carbohydrate (kg/cow per d) 0.24 0.269 −0.87 0.39 −0.33 to 0.80
Carbohydrate fermented NDF intake (kg/cow per d) 1.17 0.512 −2.28 0.04* 0.09 to 2.24
Carbohydrate fermented starch intake (kg/cow per d) −0.27 0.294 0.92 0.37* −0.89 to 0.35
Carbohydrate fermented soluble fiber intake (kg/cow per d) 2.18 0.812 −2.69 0.02* 0.48 to 3.89
Carbohydrate fermented sugar intake (kg/cow per d) 1.34 0.960 −1.40 0.18* −0.68 to 3.36
Ca (% of DM) 1.46 1.152 −1.27 0.22 −0.96 to 3.88
P (% of DM) −2.81 3.369 0.83 0.42 −9.89 to 4.27
Mg (% of DM) −4.15 8.712 0.48 0.64 −22.46 to 14.15
Actual milk yield (kg/cow per d) −0.12 0.053 2.27 0.04* −0.23 to −0.01
Milk ME (kg/cow per d) −0.05 0.041 1.32 0.21 −0.14 to 0.03
Milk MP (kg/cow per d) −0.01 0.044 0.23 0.82 −0.10 to 0.08
Actual milk true protein (% of milk) 2.54 1.989 −1.28 0.22* −1.64 to 6.72
Actual milk fat (% of milk) 1.04 0.504 −2.05 0.02 −0.02 to 2.10
*Significant effects (P < 0.2) in the univariate meta-regression model are indicated by an asterisk. The effects P < 0.2 in the bivariate model 
were evaluated for fit in a mixed model meta-regression.
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95% CI = −0.01 to 0.67; Figure 5). Meta-analysis results 
for production variables and BW are outlined in Table 
4. Pooled estimates showed that feeding fats tended to 
have little effect on milk fat % (SMD = −0.03, 95% CI 
= −0.32 to 0.26), except where CLA were fed and a sig-
nificant decrease was observed (SMD = −1.39, 95% CI 
= −2.04 to −0.74). Similarly, milk fat yield increased 
with oilseed and CSFA feeding (SMD = 0.29, 95% CI = 
0.03 to 0.55, and SMD = 0.64, 95% CI = 0.05 to 1.23, 
respectively), but decreased when CLA were fed (SMD 
= −1.00, 95% CI = −1.55 to −0.44). No tallow stud-
ies reported this variable. The difference in fat yield 
among groups for the overall pooled estimate was neu-
tral (SMD = 0.04, 95% CI −0.39 to 0.47). Feeding fats 
during transition tended to decrease milk protein per-
centage overall. Feeding CLA significantly reduced the 
percentage of protein in milk (SMD = −0.45, 95% CI 
−0.87 to −0.03). The CSFA and tallow groups tended 
Figure 3. A forest plot of the effect size or standardized mean difference (SMD; standardized using the z-statistic) and 95% confidence 
interval for trials comparing the calving to pregnancy interval of cows supplemented with fats during the transition and early lactation period. 
Estimates were made of the SMD using a random effects method (DerSimonian and Laird, 1986). The weights that each study contributed are 
in the right hand column and are indicated by the size of the box. The larger the box, the greater the study contribution to the overall esti-
mate. The solid vertical gray line represents a mean difference of zero or no effect. Points to the left of the line represent a reduction in days to 
pregnancy, whereas points to the right of the line indicate an increase. The upper and lower limit of the line connected to the square represents 
the upper and lower 95% confidence interval for the effect size. The overall pooled effects size and 95% confidence interval is indicated by the 
diamonds at the bottom of each fat group. This effect was homogeneous as indicated by the I2 of 0%. An I2 value for oilseeds is not available 
because this measure cannot be calculated for a single study, but this has been included in the overall pooled estimate.
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to decrease milk protein percentage; however, oilseeds 
tended to increase protein percentage. Overall, feeding 
fats tended to increase protein yield; however, this was 
not statistically significant (SMD = 0.34, 95% CI −0.07 
to 0.75). For all milk yield and composition variables, a 
high level of heterogeneity was observed among studies 
(I2 = > 80%) and funnel plots were asymmetrical, sug-
gesting a potential for publication bias.
Feeding fats had no effect on BW (SMD = −0.15, 
95%, CI −0.69 to 0.40). Of these groups, tallow and 
CLA could not be explored individually because all 
comparisons within each group were from a single pa-
per. Again, heterogeneity was high (I2 = 90.1%).
DISCUSSION
Despite more than 5,000 papers being initially identi-
fied in a systematic literature search on this topic, only 
17 of these, providing 26 comparisons, were suitable 
for inclusion, a lower number than had been expected. 
The limited number of studies available for the current 
analyses highlights a need for more controlled studies 
to be conducted, containing sufficient information on 
exposure variables, in this case diet, examining repro-
ductive outcomes such as pregnancy risk and interval 
to pregnancy.
One of the strengths of meta-analysis is that similar 
metrics, such as those used to measure proportion of 
cows pregnant to service, and interval to pregnancy, 
can be pooled using effect size measures such as those 
used in this study. There was also substantial variabil-
ity in the fat content and type in control diets, a finding 
that is consistent with a meta-analysis by Rabiee et 
al. (2012) that explored the effects of fat nutrition on 
milk yield and composition. Meta-analysis and meta-
regression methods allow these sources of variation to 
be explored as a single data set and can help overcome 
these limitations by evaluating differences in treatment 
amounts of fat or differences in diet structure resulting 
from fat inclusion.
Fat feeding during transition has a variable effect on 
reproductive performance of lactating dairy cows with 
studies reporting mixed results (Grummer and Carroll, 
1991). The feeding of fats before and immediately after 
calving has the potential to reduce DMI, particularly in 
heifers, but many studies are now available where benefi-
cial effects of dietary fat have been observed on produc-
tion and reproduction (Doepel et al., 2002; McNamara 
et al., 2003; Petit and Benchaar, 2007). McNamara et 
al. (2003) found that feeding fats increased first service 
pregnancy, but did not change overall percentage of 
cows pregnant. In the current study, the overall effects 
Figure 4. Contour-enhanced funnel plots for interval from calving to pregnancy for lactating dairy cows treated with different fats. Levels 
of significance for studies () within the gray broken lines are 0.01, 0.05, and 0.10.
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of fat feeding increased the proportion of cows pregnant 
to service and tended to reduce the interval from calving 
to pregnancy in treated cattle (Figures 1 and 2). When 
explored individually, the results show that each fat 
group tended to improve fertility; however, the limited 
number of studies available for analysis, and small size 
of many of these studies, prevented clear effects being 
identified. For the studies suitable for inclusion in this 
meta-analysis, reproductive responses were consistent 
with an I2 of 19.9 and 0%, indicating low heterogene-
ity for the proportion pregnant to service and interval 
from calving to pregnancy, respectively. Many of the 
Table 6. Meta-regression results: intervals from calving to pregnancy
Dietary variable Coefficient SE t P > |t| 95% CI
DMI (kg/cow per d) 0.13 0.275 −0.47 0.65 −0.49 to 0.75
Estimated ME balance (MJ/cow/d) 0.01 0.029 −0.02 0.98 −0.06 to 0.07
Estimated MP balance (g/cow per d) 0.01 0.001 −0.02 0.98 −0.01 to 0.01
Bacterial MP (% of MP intake) −0.01 0.031 0.15 0.88 −0.07 to 0.06
CP (% of diet) −0.06 0.151 0.37 0.72 −0.40 to 0.29
CP eaten (kg/cow per d) −0.08 0.600 0.14 0.89 −1.44 to 1.27
RUP (% of CP) 0.01 0.023 −0.17 0.87 −0.05 to 0.06
RUP eaten (kg/cow per d) 0.03 0.440 −0.07 0.95 −0.97 to 1.03
RDP (% of CP) −0.01 0.023 0.17 0.87 −0.06 to 0.05
RDP eaten (kg/cow per d) −0.27 0.849 0.32 0.75 −2.20 to 1.65
Soluble protein (% of CP) −0.01 0.038 0.08 0.94 −0.09 to 0.08
Soluble protein eaten (kg/cow per d) −0.20 1.193 0.17 0.87 −2.90 to 2.50
Urea cost (MJ/cow/d) −0.44 0.545 0.81 0.44 −1.67 to 0.79
Predicted PUN (mg/dL) −0.02 0.045 0.37 0.72 −0.12 to 0.09
Long-chain FA (% of diet) 0.09 0.103 −0.90 0.39 −0.14 to 0.33
Ether extract (% of diet) 0.12 0.114 −1.08 0.31 −0.13 to 0.38
NDF (% of diet) 0.05 0.045 −1.10 0.30 −0.05 to 0.15
NFC (% of diet) −0.02 0.065 0.30 0.77 −0.17 to 0.13
Sugar (% of diet) 0.02 0.220 −0.10 0.93 −0.48 to 0.52
Starch (% of diet) −0.01 0.054 0.06 0.95 −0.13 to 0.12
Peptides (% of requirement) −0.01 0.012 0.18 0.86 −0.03 to 0.02
Peptides and ammonia (% of requirement) −0.01 0.011 0.13 0.90 −0.03 to 0.02
Methionine (% of requirement) −0.01 0.014 0.15 0.89 −0.03 to 0.03
Lysine (% of requirement) −0.01 0.014 0.20 0.85 −0.04 to 0.03
C12:0 intake (g/cow per d) 0.19 0.197 −0.99 0.35 −0.25 to 0.64
C14:0 intake (g/cow per d) 0.02 0.023 −0.83 0.43 −0.03 to 0.07
C16:0 intake (g/cow per d) 0.01 0.001 −0.72 0.49 −0.01 to 0.01
C16:1 intake (g/cow per d) 0.05 0.379 −0.12 0.91 −0.81 to 0.90
C18:0 intake (g/cow per d) −0.01 0.001 0.36 0.73 −0.01 to 0.01
C18:1trans intake (g/cow per d) −0.01 0.077 0.17 0.87 −0.19 to 0.16
C18:1cis intake (g/cow per d) 0.01 0.002 −1.46 0.18 −0.01 to 0.01
C18:2 intake (g/cow per d) 0.01 0.006 −0.79 0.45 −0.01 to 0.02
C18:3 intake (g/cow per d) −0.002 0.022 0.08 0.94 −0.05 to 0.05
Other FA intake (g/cow per d) −0.00 0.005 0.75 0.47 −0.01 to 0.01
C12:0 duodenal (g/cow per d) 0.19 0.197 −0.99 0.35 −0.25 to 0.64
C14:0 duodenal (g/cow per d) 0.02 0.023 −0.83 0.43 −0.03 to 0.07
C16:0 duodenal (g/cow per d) 0.01 0.001 −0.79 0.45 −0.01 to 0.01
C16:1 duodenal (g/cow per d) 0.21 0.785 −0.27 0.79 −1.56 to 1.99
C18:0 duodenal (g/cow per d) 0.01 0.001 −0.01 0.99 −0.01 to 0.01
C18:1trans duodenal (g/cow per d) 0.01 0.003 −0.12 0.91 −0.01 to 0.01
C18:1cis duodenal (g/cow per d) 0.01 0.003 −1.48 0.17 −0.01 to 0.01
C18:2 duodenal (g/cow per d) 0.01 0.004 −0.59 0.57 −0.01 to 0.01
C18:3 duodenal (g/cow per d) 0.01 0.031 −0.30 0.77 −0.06 to 0.08
Other FA duodenal (g/cow per d) −0.01 0.006 0.69 0.51 −0.02 to 0.01
Total intake of fermented carbohydrate (kg/cow per d) 0.06 0.445 −0.13 0.90 −0.95 to 1.06
Carbohydrate fermented NDF intake (kg/cow per d) 0.181 1.393 −0.13 0.90 −2.98 to 3.33
Carbohydrate fermented starch intake (kg/cow per d) 0.02 0.287 −0.06 0.95 −0.63 to 0.67
Carbohydrate fermented soluble fiber intake (kg/cow per d) −0.41 1.356 0.30 0.77 −0.47 to 2.66
Carbohydrate fermented sugar intake (kg/cow per d) 0.18 0.974 −0.18 0.86 −0.03 to 2.38
Ca (% of DM) 0.79 0.887 −0.89 0.40 −0.22 to 2.79
P (% of DM) −8.09 9.564 0.85 0.42 −9.73 to 13.54
Mg (% of DM) −55.40 44.954 1.23 0.25 −57.09 to 46.29
Actual milk yield (kg/cow per d) 0.05 0.125 −0.38 0.71 −0.23 to 0.33
Milk ME (kg/cow per d) 0.02 0.087 −0.27 0.79 −0.17 to 0.22
Milk MP (kg/cow per d) 0.01 0.022 −0.12 0.9 −0.05 to 0.05
Actual milk true protein (% of milk) −0.19 1.731 0.11 0.92 −4.10 to 3.73
Actual milk fat (% of milk) 0.27 0.335 −0.81 0.44 −0.49 to 1.03
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studies rejected for inclusion in the meta-analysis that 
still presented valid interventions (Table 2) also had 
positive responses to fats.
Increased milk yield (kg/d) of the treatment groups 
decreased the proportion pregnant in both univariate 
and multivariate meta-regression models [P = 0.02 and 
Figure 5. Forest plot of individual standardized mean difference (SMD), 95% CI, and weights for trials comparing the milk yield of cows 
supplemented with fats during the transition and early lactation period. Estimates were made of the SMD using a random effects method 
(DerSimonian and Laird, 1986). The weights that each study contributed are in the right hand column and are indicated by the size of the box. 
The larger the box, the greater the study contribution to the overall estimate. The solid vertical gray line represents a mean difference of zero or 
no effect. Points to the left of the line represent a reduction in days to pregnancy, whereas points to the right of the line indicate an increase. The 
upper and lower limit of the line connected to the square represents the upper and lower 95% confidence interval for the effect size. The overall 
pooled effects size and 95% confidence interval is indicated by the diamonds at the bottom of each fat group. This effect was heterogeneous, as 
indicated by the I2 of 88.3%.
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P = 0.04, respectively (unpublished and Table 5)]. Milk 
production demands of the freshly lactating cow exceed 
the capacity of DMI to deliver key nutrients including 
amino acids and energy precursors, ensuring most cows 
are in a state of negative nutrient balance in early lacta-
tion. Substantial energy deficits contribute to incidence 
of metabolic disease, decreased production (persistence 
and volume), and poor reproductive efficiency (Butler, 
2000). Including fat can increase energy density of the 
diet, without increased dependence on rapidly ferment-
able carbohydrates, which, when fed at high levels, can 
compromise rumen and metabolic health. Inclusion of 
fats in the diet may also reduce liver triglyceride ac-
cumulation (Selberg et al., 2002) and concentrations 
of NEFA in blood (Doepel et al., 2002) immediately 
after calving and increase serum cholesterol concentra-
tions (Rafalowski and Park, 1982; Carroll et al., 1990), 
a factor associated with better fertility. Westwood et 
al. (2000) found that higher concentrations of plasma 
cholesterol were associated with a shorter interval from 
calving to pregnancy, with greater probabilities of con-
ception and successful pregnancy by d 150 of lactation. 
This finding is consistent with those of Kappel et al. 
(1984) and Ruegg et al. (1992), who found positive 
associations between cholesterol concentrations and 
fertility measures. Similarly, Moss (2001) found that 
low blood cholesterol concentrations at mating were 
strongly associated with pregnancy failure. Fatty acids 
are essential precursors for reproductive hormones, and 
Grummer and Carroll (1991) speculated that the pres-
ence of cholesterol-enriched lipoproteins could enhance 
progesterone production. This was supported by detec-
tion of increased levels of PGF2α after feeding prilled 
long-chain FA (Carroll et al., 1990). Lipogenic precur-
sors are also required for efficient milk production, and 
the optimal requirement was estimated to be 15 to 25% 
of energy supplied as lipogenic precursors, or about 8% 
long-chain FA in the diet (Kronfeld, 1976). Addition-
ally, the tendency for pregnancy to be increased with 
higher milk fat percentages (P = 0.055) suggests that 
the ability of animals to spare fat for milk production 
is an indication of good metabolic status supporting 
reproduction.
Although no fat type individually increased fertility 
in this meta-analysis, feeding CLA has been an area 
of investigation previously showing positive results, 
although the number of high-quality studies is limited. 
De Veth et al. (2009) combined 5 studies and observed 
a marked improvement in median time to pregnancy 
(reduced from 151 to 117 d) in cows fed a ruminally 
protected CLA compared with unsupplemented cows. 
Thatcher et al. (2006) also found positive effects of 
supplementation with ruminally protected CLA and 
palm FA on reproduction and health. von Soosten et al. 
(2012) identified a trend toward lower body mass mo-
bilization in cattle fed protected CLA, when compared 
with a stearic-acid-based fat supplement, suggesting 
a protective effect of CLA supplementation on use of 
body reserves in early lactation, possibly through more 
efficient utilization of ME. The current meta-analysis 
did not show a significant effect of fat feeding on BW, 
but was not able to explore CLA feeding individually 
as only one of the papers that reported CLA responses 
provided details on BW.
Fats are also important sources of essential FA. Lin-
oleic (C18:2) and linolenic FA (C18:3) are classified as 
essential FA and must be supplied in the diet (Mat-
tos et al., 2000). Unsaturated FA [especially linoleic 
acid, linolenic acid, eicosapentaenoic acid (C20:5), and 
docosahexaenoic acid (C22:6)] may target reproduc-
tive tissues when supplied in a form absorbed in the 
lower gut (Thatcher et al., 2006). Lean and Rabiee 
(2006) estimated that availability of essential FA at the 
duodenum is approximately one-half that for cattle fed 
TMR based on maize and alfalfa silage compared with 
cows fed pasture-based diets. Linolenic acid (C18:3) 
predominates in forage lipids (Palmquist and Jenkins, 
1980), and concentrations of linoleic acid (C18:2) are 
high in some pastures. This difference, combined with 
high digesta flow rates of lush pastures, may in part ex-
plain the differences in reproductive performance seen 
between pasture-based herds and those maintained in 
TMR systems, such as those seen in North America. 
Hutchinson et al. (2011) found a trend toward lower 
services per pregnancy, but little overall effect of sup-
plementation, with feeding protected CLA on fertility 
of cows on pasture, a finding consistent with the sug-
gestions of Lean and Rabiee (2006) that at least some 
of the difference in fertility of cows on pasture-based 
diets and those on TMR diets may reflect the CLA 
generated from pasture.
In this meta-analysis, the potentially confounding 
effects of diet formulation to include fats in the diet 
were controlled by using meta-regression. Differences 
were identified in intakes and duodenal concentration 
of FA among the different groups of fats fed (Table 3); 
however, these differences did not influence outcomes 
when evaluated by meta-regression. Increasing dietary 
intake of slower fermenting carbohydrates (NDF and 
soluble fiber) favored proportion pregnant, possibly be-
cause slower fermentation results in more stable rumen 
conditions and promotes microbial growth. Chalupa et 
al. (1986) found that including high levels of fat in the 
diet affected microbial metabolism, as indicated by a 
decrease in the ratio of acetate to propionate concentra-
tions in the rumen. This response in acetate:propionate 
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ratio varied with the type of fat used, as the depression 
was greater in response to oleic acids and animal tal-
lows than CSFA and stearic acid. The positive associa-
tion between the energetic cost of urea synthesis and 
pregnancy was unexpected, but may reflect a need for 
soluble protein intake to increase in high-fat diets to 
maintain microbial protein synthesis and highlights the 
multivariable responses to nutritional intervention.
Although milk yield was not significantly increased 
by feeding fats during the transition period, other 
meta-analyses that included a greater number of com-
parisons found significant increases (Rabiee et al., 
2012; Boerman, 2014). These studies (Rabiee et al., 
2012; Boerman, 2014) both found an overall milk yield 
response of 1.05 kg/cow per d from fat feeding. A 
meta-analysis (Onetti and Grummer, 2004) found no 
significant change in milk yield when tallow of selected 
hydrolyzed FA were fed, whereas including CSFA in 
the diet increased yield. In the current study, CSFA 
interventions increased yield and milk fat yield, but did 
not affect milk composition because no differences were 
found in milk protein, but the study power was low 
compared with other meta-analyses.
More consistency was observed in reproductive re-
sponses to fats than for milk and milk components 
where marked differences in responses to different fats 
were observed. This greater variability is consistent with 
Rabiee et al. (2012), who included studies in which fat 
was fed any time during lactation, whereas this paper 
has a focus only on fats fed during transition. This 
distinction is important because evidence is increasing 
that nutrition during the transition period has a pivotal 
role on performance, especially reproduction in the fol-
lowing lactation (Thatcher et al., 2011).
CONCLUSIONS
Feeding fats has a positive effect on fertility and a 
tendency to increase production when fed during the 
transition period. Feeding fats during transition may 
be an essential component of an integrated response 
to the challenges of controlling tissue mobilization in 
early lactation and limiting the amount of fermentable 
carbohydrate fed. However, meta-regression of the dif-
ference in diets between treatment and control groups 
did not identify the reasons for these improvements in 
regard to the FA composition of the diet. The limited 
number of papers identified from the literature search 
and the positive results of this study support the need 
for further work exploring the effects of including fat 
in the diet of the transition cow on fertility and the 
development of guidelines to assist study design in this 
area of research.
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